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SYSTEM AND METHOD FOR INBAND 
SIGNALING FOR SECTOR SYNCHRONIZATION 
IN A WIRELESS COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to communication 
systems and methods and more particularly to a system and 
method for optimizing the bandwidth of a point to multi 
point Wireless system by synchronizing transmit and receive 
modes. 

[0002] Wireless radio links have increasingly become 
important to provide data communication links for a variety 
of applications. For example, Internet Service Providers 
have begun to utiliZe Wireless radio links Within urban 
settings to avoid the installation expense of traditional Wired 
connections or optical ?ber. It may be advantageous to 
utiliZe Wireless radio link systems to provide service to a 
plurality of users in a point to multipoint architecture. Point 
to multipoint systems typically consist of a plurality of hub 
units servicing a plurality of sub units (sometimes referred 
to as remote units, nodes, or subscriber units). The subs are 
typically associated With individual nodes on the system. 
For example, an individual sub unit may be connected to 
LAN to alloW PCs on the LAN to bridge to other netWorks 
via the point to multipoint system. Each sub unit commu 
nicates via a Wireless channel With a particular hub unit. In 
a point to multipoint system, the hub unit may control 
communication betWeen a portion of the plurality of sub 
units associated With a particular coverage area. The hub 
units schedule transmit and receive bursts to and from sub 
units. The hub units may distribute data packets received 
from a particular sub unit to another sub unit Within the same 
coverage area via such frames, to a traditional Wired netWork 
backbone, or to another hub unit. 

[0003] A point to multipoint system, such as disclosed in 
the above referenced and commonly assigned patent appli 
cation entitled “FREQUENCY REUSE FOR TDD,” con 
tains a plurality of adj acently located hub units providing an 
aggregate coverage area. Additionally, these hubs may have 
their individual coverage areas divided into particular sec 
tors—such as 30 or 90 degree sectors. Additionally, the hubs 
may utiliZe frequency division or other techniques to pro 
vide a plurality of communication channels. 

[0004] Channel reuse techniques have developed to alloW 
reuse of channels Within a netWork Without introducing 
unacceptable levels of interference. The purpose of these 
channel reuse techniques is maximiZe channel availability 
While avoiding co-channel interference betWeen neighbor 
ing hubs. Clearly, these channel reuse techniques are valu 
able tools to increasing the bandWidth of point to multipoint 
systems. HoWever, according to the present invention it has 
been realiZed that point to multipoint systems contain archi 
tectural characteristics that may be exploited to alloW opti 
miZation of channel availability greater than that available 
With traditional channel reuse techniques While avoiding 
co-channel interference. 

[0005] For example, data traf?c over a point to multipoint 
system may be bursty, rather than at a ?xed or continuous 
data rate. Speci?cally, an Internet broWser application 
executed on a sub unit Would typically require signi?cant 
doWn link bandWidth While doWnloading HTML code from 
a Website, but Would require little or no bandWidth While a 
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user reads the display associated With the HTML code. 
Additionally, the bandWidth requirements of many applica 
tions such as broWsers may be asymmetric. Speci?cally, 
Internet broWsers often doWnload a large amount of data, but 
upload proportionally very little. Accordingly, point to mul 
tipoint systems may implement dynamic bandWidth alloca 
tion (DBA) techniques to maximiZe the data throughput 
associated With asymmetric, bursty traf?c. 

[0006] Accordingly, it is an object of the present invention 
to provide a system and method to maximiZe the bandWidth 
of point to multipoint systems in accordance With the unique 
characteristics of point to multipoint systems as betWeen 
particular portions of the netWork. 

[0007] It is an additional object of the present invention to 
provide a system and method for synchroniZed dynamic 
allocation of bandWidth. 

[0008] It is an additional object of the present invention to 
provide a system and method for synchroniZation of receive 
and transmit modes of sectors or other portions of an 
associated group of hub units to maximiZe the bandWidth of 
point to multipoint systems. 

[0009] It is an additional object of the present invention to 
provide a system and method for sector to sector telemetry 
in point to multipoint systems. 

[0010] It is an additional object of the present invention to 
provide an ef?cient communication channel for use With the 
invention systems and methods that alloWs synchroniZation 
of neighboring hubs While permitting rapid dynamic allo 
cation of bandWidth in individual hubs. 

[0011] It is still an additional object of the present inven 
tion to provide a pattern of frequency re-use in a Wireless 
communication system. 

[0012] It is another object of the present invention to 
provide a repeatable pattern of frequency re-use in a Wireless 
communication system comprised of sixteen cells in a 
four-by-four grid using tWo polariZations per communica 
tion frequency. 

[0013] It is yet another object of the present invention to 
provide a repeatable pattern of frequency re-use in a Wireless 
communication system comprised of sixteen cells grouped 
in four sub-clusters of four cells in Which facing sectors in 
the pattern are synchroniZed. 

[0014] It is a further object of the present invention to 
provide a method of reducing co-channel and/or adjacent 
channel interference by a pattern of frequency re-use. 

[0015] These and other objects, features and technical 
advantages are achieved by a system and method Which 
operate in a point to multipoint system comprising a plu 
rality of hubs and a plurality of subs distributed Within 
coverage areas associated With the hubs. The point to 
multipoint system preferably divides its communication 
bandWidth into channels utiliZing spectrum division tech 
niques, such as frequency division, time division, or 
orthogonal code division. Also, the hubs communicate to the 
subs Within their coverage areas via sector antennae. By 
utiliZing spectrum division and sector antennas, preferred 
embodiments of the point to multipoint system coordinate 
channel allocation via a channel reuse plan. Additionally, 
preferred embodiments divide individual channels into 
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transmit and receive modes via a Time Duplex Division 
(TDD) scheme via the same channel. In this TDD scheme, 
a hub transmits information to subs in the transmit mode and 
receives information from subs in the receive mode. More 
over, the hubs of the point to multipoint system preferably 
may dynamically allocate bandwidth betWeen the transmit 
and receive modes to achieve asymmetric communication 
modes. Also, the preferred embodiment subs utilizing the 
present invention comprise directional antenna. 

[0016] Co-channel interference such as in adjacent sectors 
of neighboring hubs is a signi?cant concern. Speci?cally, 
hub to hub exposure is problematic, since hub antennas are 
typically directed toWard other hubs of the netWork in order 
to provide composite coverage of a service area. For 
example, preferred embodiment hubs may utiliZe sector 
antennas covering betWeen 30 to 90 degrees in aZimuth, 
Which are oriented to face similar sector antennas at neigh 
boring hubs. Sub unit exposure is not as a signi?cant issue 
for the preferred embodiments point to multipoint systems, 
because sub units of these point to multipoint systems utiliZe 
highly directional antenna. Accordingly, the subs units may 
not be exposed to signi?cant co-channel interference from 
other sub units or other hub units. 

[0017] Channel reuse plans may be utiliZed to mitigate 
hub to hub co-channel interference. For example, by care 
fully assigning channels for use by the hubs of a netWork, 
reuse performance of approximately 1 may be achieved. 
Moreover, through advanced channel planning techniques, 
such as shoWn and described in the above referenced patent 
application, entitled “FREQUENCY REUSE FOR TDD”, 
and as described beloW, higher channel reuse performance 
may be achieved. 

[0018] Nonetheless, a method or system optimiZation that 
Would permit greater channel reuse Would alloW greater 
bandWidth for the system as a Whole. The present invention 
achieves this goal in one embodiment by synchroniZing 
transmit and receive modes of hubs. One embodiment of the 
present invention synchroniZes dynamic bandWidth alloca 
tion of facing sectors of a cluster of geographically adjacent 
hubs, While alloWing other sectors of these hubs to inde 
pendently allocate bandWidth through frequency reuse and 
facing sector synchroniZation. The hubs are adjacent in the 
sense that the hubs are the nearest neighbor hubs in a 
particular direction. In this embodiment, guard time betWeen 
transmit and receive modes is minimiZed by preferably 
selecting a guard time to accommodate the synchroniZation 
distance of just over tWo hub coverage radii. For example, 
Where a maximum reuse is 6R, a reuse schedule of 9, With 
30 degree sectors, 4.5 km cells, the guard time is approxi 
mately 100 us or approximately 5% of the embodiment’s 
channel capacity to accommodate propagation from a maxi 
mum distance in the reuse cluster. HoWever, as the present 
invention synchroniZes facing sectors of adjacent hubs, the 
synchroniZation distance is greatly reduced. Accordingly, in 
this embodiment, the guard time only occupies 0.5% of the 
channel capacity. Moreover, the computation requirements 
of the system are signi?cantly reduced in this preferred 
embodiment, as a much smaller portion of the netWork is 
synchroniZed With respect to any particular synchroniZation 
determination. Also, the facing sector synchroniZation sim 
pli?es the implementation of synchroniZation telemetry. 

[0019] In another embodiment of the present invention, a 
pattern of frequency re-use is described Where a repeatable 
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pattern of cells is employed to alloW for re-use of a number 
of frequency assignments Where there are tWo polariZation 
modes available per frequency. Such a pattern of frequency 
re-use is especially useful When the number of frequency 
assignments, or communication channels, available for 
operation of a communication system is limited. In order to 
provide sufficient coverage for a particular operating area, a 
pattern of cells that re-use the available frequencies must be 
provided in order to avoid dead spots or to avoid interference 
betWeen adjacent channels on the frequency spectrum used 
in the same area, knoWn in the art as “adjacent channel 
interference” or interference betWeen tWo cells using the 
same frequency With the same polariZation in adjacent areas, 
knoWn in the art as “co-channel interference”. 

[0020] IdealiZing the shape of the cells in the pattern as 
circular and further idealiZing each cell as having a similar 
radius, the shape of a repeatable pattern of such cells can be 
vieWed as an overlay on a ?at surface. Obviously, such 
idealiZations such as a ?at surface and substantially identical 
cells spaced at uniform distances rarely occur in the real 
World. HoWever, it is to be understood that the present 
inventive system and method is not limited to such ideali 
Zations but rather is applicable to real World situations Where 
the overall frequency re-use pattern can be used While taking 
into account minor variations to alloW for obstructions, 
terrain features, dissimilar cell siZes, irregular spacing of 
cells, etc. While the disclosure of the invention beloW Will 
discuss an idealiZed repeatable pattern composed of ideal 
iZed cells, etc., such idealiZations should not be construed as 
limitations of the invention. 

[0021] For cells of substantially the same siZe and circular 
in shape, one arrangement of those cells in a multi-cell 
pattern may be seen as a square grid Where the edge of tWo 
cells that are adjacent in the same rank or the same ?le are 
tangent at one point. In such an arrangement, cells that are 
diagonally adjacent are not tangent. In another multi-cell 
arrangement, a cell in the pattern is tangent to each of six 
adjacent cells. Such a pattern Would appear as a honeycomb 
shape if the cells are idealiZed to be hexagonal in shape. 

[0022] The inventors have determined empirically that for 
cells With 90° sectors, a minimum of eight frequency assign 
ments and tWo polariZations are required for ef?cient fre 
quency re-use for broadband Wireless access systems. This 
is a reasonable requirement of frequency/polariZation 
assignments for 90° sectoriZed cells in a time division 
duplex (“TDD”) system considering the siZe of a typical 
license allocation of frequencies on a WorldWide basis. For 
example, in Europe, the anticipated license allocation is 
2x112 MHZ or 224 MHZ for the 28 GHZ band and approxi 
mately 500 MHZ for the 42 GHZ band. Most of the North 
American broadband Wireless access operators have alloca 
tions in excess of 200 MHZ. An emerging popular channel 
siZe is 28 MHZ in Europe and 25 MHZ in North America. 
These channel siZes coupled With the anticipated license 
allocation of frequencies alloWs for eight or more available 
frequency channels. 

[0023] While 90° sectors have some disadvantages over 
smaller sector siZes, such as 60°, 45°, and 30° sectors, 90° 
sector siZe is the baseline for planning for almost all broad 
band Wireless access operators and standards groups. For 
example, RF performance is someWhat compromised for 
Wide sectors relative to narroW sectors. Cell diameter is 
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reduced thereby requiring a greater number of hubs/cells to 
cover a given area. Wider sectors also give rise to a greater 
possibility of co-channel and adjacent channel interference. 

[0024] Despite the operational draWbacks of 90° sectors, 
there are signi?cant economical advantages to 90° sector 
plans. One advantage is the loWer cost of outdoor gear. With 
90° sectors, feWer sectors and hence feWer radios, antennas, 
and associated equipment, both primary and redundant, are 
required When compared With smaller-siZed sectors. Addi 
tionally, a signi?cant cost to operators are roof rights. 
Landlords tend to charge for the right to place equipment of 
the roof of their building based on the number of antennas 
so 90° sectors translates into loWer cost for roof rights. Also, 
Wider sectors provide greater RF coverage Which is an 
important bene?t in the early deployment of a system. 

[0025] The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention in 
order that the detailed description of the invention that 
folloWs may be better understood. Additional features and 
advantages of the invention Will be described hereinafter 
Which form the subject of the claims of the invention. It 
should be appreciated by those skilled in the art that the 
conception and speci?c embodiment disclosed may be 
readily utiliZed as a basis for modifying or designing other 
structures for carrying out the same purposes of the present 
invention. It should also be realiZed by those skilled in the 
art that such equivalent constructions do not depart from the 
spirit and scope of the invention as set forth in the appended 
claims. The novel features Which are believed to be char 
acteristic of the invention, both as to its organization and 
method of operation, together With further objects and 
advantages Will be better understood from the folloWing 
description When considered in connection With the accom 
panying ?gures. It is to be expressly understood, hoWever, 
that each of the ?gures is provided for the purpose of 
illustration and description only and is not intended as a 
de?nition of the limits of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] For a more complete understanding of the present 
invention, and the advantages thereof, reference is noW 
made to the folloWing descriptions taken in conjunction With 
the accompanying draWing, in Which: 

[0027] FIG. 1 depicts an illustrative example of a point to 
multipoint system arranged in a cluster architecture. 

[0028] FIG. 2A depicts an illustrative sector con?guration 
for the point to multipoint system set forth in FIG. 1. 

[0029] FIG. 2B illustrates a sectoriZed antenna arrange 
ment for a hub for one of the cells in FIG. 2A. 

[0030] FIG. 3 illustrates particular sectors and the propa 
gation of transmissions from hubs to a plurality of subs 
Within the particular sectors. 

[0031] FIGS. 4A to 4D each illustrate a timing diagram 
for a series of RX and TX frames associated With opposing 
sectors of adjacent hubs. 

[0032] FIG. 5 illustrates an exemplary poWer density 
spectrum for a QAM carrier signal and an associated Adap 
tation carrier. 

[0033] FIGURE. 6A illustrates a set of eight frequency 
channels With tWo polariZations per frequency channel for 
use in a frequency re-use pattern. 
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[0034] FIG. 6B illustrates eight unique cell types using 
the set of eight frequency channels With tWo polariZations 
per frequency channel illustrated in FIG. 6A. 

[0035] FIG. 7 illustrates a repeatable pattern of sixteen 
cells in a four-by-four rectilinear grid Where each cell is 
divided into four 90° sectors Where opposing sectors operate 
on the same frequency channel With the same polariZation. 

[0036] FIG. 8 illustrates one group of four cells from the 
repeatable pattern of sixteen cells in FIG. 7. 

[0037] FIG. 9 illustrates a repeatable pattern of sixteen 
cells in a four-by-four grid forming a parallelogram Where 
each cell is divided into four 90° sectors Where opposing 
sectors operate on the same frequency channel With the same 
polariZation. 

[0038] FIG. 10 illustrates a repeatable pattern of FIG. 7 
Where facing sectors operate on the same frequency channel 
and polariZation to alloW for transmit and receive synchro 
niZation betWeen hub antennas of facing sectors. 

[0039] FIG. 11A illustrates the set of eight frequency 
channels With tWo polariZations per frequency channel 
shoWn in FIG. 6A indicating those frequency channels and 
polariZations used in the pattern in FIG. 10 and those 
frequency channels and polariZations not used in the pattern 
of FIG. 10 that are held in reserve. 

[0040] FIG. 11B illustrates eight unique cell types using 
the set of four frequency channels With tWo polariZations per 
frequency channel illustrated in FIG. 11A as being used in 
the frequency re-use pattern of FIG. 10. 

[0041] FIG. 12 illustrates one group of four cells from the 
repeatable pattern of sixteen cells in FIG. 10. 

[0042] FIG. 13 illustrates the repeatable pattern FIG. 10 
With an overlay of additional frequency channel sectors to 
accommodate an increase in the capacity demands of the 
users of the system. 

DETAILED DESCRIPTION 

[0043] FIG. 1 illustrates an exemplary point to multipoint 
system utiliZing the present invention. The system is pref 
erably deployed in a cluster con?guration. The illustrative 
cluster consists of a plurality of hubs (105, 106, 107, 108), 
although clusters in numbers different than the illustrated 
con?guration may be employed according to the present 
invention. It shall be appreciated that communication net 
Works utiliZing the present invention may include additional 
clusters, either remotely located or adj acently located, With 
the clusters utiliZing the present invention. 

[0044] Hubs 105, 106, 107, and 108 provide coverage to 
cells 101, 102, 103, and 104. Aplurality of subs (109-119) 
are deployed in cells 101, 102, 103, and 104, respectively. In 
addition, processor systems (120-131) are respectively asso 
ciated With individual sub units. It shall be appreciated that 
sub units of a point to multipoint system may be alterna 
tively associated With a LAN netWork of processors system. 
Alternatively, the sub units of point to multipoint system 
may be connected to an intermediate netWork. For example, 
a sub unit may be connected to an intermediate ATM sWitch. 
It shall further be appreciated that a system employing the 
present invention may contain an arbitrarily large number of 
hubs, cells, and sub units. For simplicity of describing the 
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present invention, the exemplary embodiment has been 
described in terms of four cells. 

[0045] FIG. 2A illustrates an exemplary sector con?gu 
ration of the point to multipoint system set forth in FIG. 1. 
As previously noted, the system is divided into coverage 
areas associated With cells 101, 102, 103, and 104. More 
over, cells 101, 102, 103, 104, of the illustrated embodiment 
are sectoriZed into 90 degree sectors (101A-101D, 102A 
102D, 103A-103D, and 104A-104D), although other sector 
siZes may be synchroniZed according to the present inven 
tion. Hubs 105, 106, 107, and 108 transmit and receive 
signals to/from the sectors via sector antennas, such as 
illustrated in FIG. 2B for the hub 105. The sector antennas 
202A through 202D may utiliZe a discrete antenna element 
for each sector. Alternatively, the sector antennas may utiliZe 
a plurality of narroW beam antenna elements to synthesiZe 
sector coverage. In this con?guration, energy from RF 
signals transmitted from a sector antenna associated With 
any of sectors 101D, 102C, 103B, and 104A may be detected 
in the other sector antennas of this group. 

[0046] The spectrum allocated to the point to multipoint 
system as a Whole is preferably subdivided into channels. 
Numerous methods of channel division may be utiliZed With 
the present invention, such as time division, frequency 
division channels, frequency hopping channels, and 
orthogonal code channels. The channels are divided into 
discrete sets. Additionally, the sets of channels are allocated 
among the sectors of the point to multipoint system in 
accordance With a reuse schedule. In this exemplary system, 
RF signals 302-307 are being transmitted upon the same 
channel for the purpose of illustrating the present invention. 
It shall be appreciated that other signaling may occur on 
other channels concurrently With the exemplary transmit and 
receive signals. 

[0047] According to a preferred embodiment, at least 
adjacent sectors of a particular cell are provided different 
channel sets according to the channel reuse plan. For 
example, the channels assigned for use by sectors 104B and 
104C are different from the channels assigned for use by 
sector 104A. HoWever, depending upon the front and back 
isolation of the sector antenna, side lobe characteristics, and 
the like, channel sets may be reused in a cell, such as Within 
sector 104B and 104C and/or 104A and 104D. 

[0048] FIG. 3 illustrates a series of RF transmit signals 
(301-306) broadcast from hubs 105 and 108, respectively. 
Hub 105 transmits a series of RF time burst or time slot 
signals (302, 303, and 304) With the signals propagating in 
direction 301 Within sector 101D. Since hub 105 utiliZes a 
sector antenna, the energy associated With RF signals 302, 
303, and 304 propagates through out sector 101D. RF signal 
302 comprises information for sub 109. RF signal 303 
comprises information for sub 110. RF signal 304 comprises 
information for sub 111. Similarly, hub 108 transmits a 
series of RF time burst or time slot signals (305, 306, and 
307) With the signals propagating in direction 308 Within 
sector 104A. Since hub 104 utiliZes a sector antenna, the 
energy associated With RF signals 305, 306, and 307 propa 
gates through out sector 104A. RF signal 305 may comprise 
information for sub 117. RF signal 306 may comprise 
information for sub 118. RF signal 307 may comprise 
information for sub 119. 

[0049] Eventually, RF signals 302, 303, and 304 Will 
propagate beyond the con?nes of cell 104 into cells 101, 
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102, and 103. Accordingly, RF signals 302, 303, and 304 
could cause co-channel interference in cells 101, 102, and 
103. In the preferred embodiment point to multipoint sys 
tem, the sub units utiliZe highly directional antennas directed 
toWard an associated hub and therefore generally aWay from 
the remaining hubs of a cluster. Accordingly, the subs 
generally Will not experience co-channel interference from 
RF signals 302, 303, and 304. 

[0050] HoWever, hubs 105, 106, and 107 Will experience 
co-channel interference if the hubs are in receive mode With 
respect to the particular channels associated With RF signals 
302, 303, and 304 When the RF signals arrive at the 
particular hub. According to a preferred embodiment, hub 
108 utiliZes the same set of channels for sector 104A as hub 
105 utiliZes for sector 101D, hub 106 uses for sector 102c, 
and as hub 107 uses for sector 103b. Accordingly, RF signals 
302, 303, and 304 could cause co-channel interference 
depending upon their arrival time at hubs 106, 107, and 108. 
It shall be appreciated that RF signals 302, 303, and 304 Will 
have negligible effect if RF signals 302, 303, 304 arrive 
When hubs 106, 107, and 108 are in transmit mode. Simi 
larly, RF signals 305, 306, and 307 may cause co-channel 
interference in hubs 105, 106, and 107, if the hubs are in 
receive mode With respect to the channels associated With 
the signals upon their arrival. 

[0051] Additionally, the subs in sectors 101D and 104A 
broadcast RF signals 309-314. As previously noted, the sub 
units of the preferred embodiment of this system utiliZe 
highly directional antennas. The architecture of the system is 
such that the highly directional antennas focus the radiated 
RF energy Within a very narroW beam centered upon the 
respective hubs. Accordingly, it is unlikely that the subs 
could couple With another antenna in the system to cause 
co-channel interference. It shall be appreciated that this 
exemplary system contemplates that RF signals 302-307 and 
RF signals 309-314 are being transmitted via the same 
frequency channel. Accordingly, the exemplary system illus 
trating the present invention controls the timing of RF signal 
transmissions in TDMA burst periods. 

[0052] The preferred embodiment of the present invention 
and method synchroniZes particular transmissions Within a 
point to multipoint system to prevent hub transmission from 
causing co-channel interference. Of course, reception Win 
doWs may also be synchroniZed in addition to or in the 
alternative to transmission WindoW synchroniZation in 
accordance With the present invention. Depending upon the 
amount of isolation betWeen channels, it may be possible to 
independently synchroniZe individual channels in adjacent 
sectors. By synchroniZing individual channels, an adaptive 
time division duplex scheme may maximiZe throughput on 
a per channel basis. HoWever, this approach requires greater 
processing capacity, and hence greater equipment costs and 
complexity, to calculate optimal receive and transmit asym 
metries. Accordingly, the preferred embodiment synchro 
niZes transmission and reception for all channels utiliZed 
Within adjacent sectors. In this manner, the present system 
and method alloWs greater performance of the asymmetric 
time division duplex algorithms While maintaining costs and 
complexity at preferred levels. 

[0053] FIGS. 4A through 4D set forth exemplary timing 
diagrams for transmit and receive frames for sectors 101D, 
102C, 103B, and 104A of hubs 105, 106, 107, and 108. Each 
















